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APPARATUS, SYSTEM AND METHOD FOR
INITIATING WLAN SERVICE USING
BEACON SIGNALS

RELATED APPLICATIONS

This application 1s related to U.S. patent application Ser.
No. 12/037,768, entitled “PILOT SIGNAL TRANSMIS-

SION management”, and to U.S. Patent Application entitled
“APPARATUS, SYSTEM AND METHOD FOR MANAG-
ING WIRELESS SERVICE TO A WIRELESS COMMUNI-
CATION DEVICE”, Ser. No. 12/037,782, both filed concur-
rently with this apphca‘[lon and incorporated by reference 1n
there entirety, herein.

BACKGROUND

The mvention relates 1n general to wireless communication
systems and more specifically to managing wireless local
area network (WLAN) services to multimode wireless com-
munication devices.

Wireless local area networks (WLANSs) and wireless wide
area networks (WWANSs) provide wireless communication
services to portable communication devices where the
WLANS typically provide services within geographical ser-
vice arcas that are smaller than the geographical areas ser-
viced by WWANs. Examples of WWANSs include systems
that operate 1n accordance with 2.5 G (such as cdma2000), 3
G (such as UMTS, WiMax), and other types of technologies,
where each base station of the WWAN 1s typically designed to
cover a service area having a size measured in miles. The term
WWAN 1s used primarily to distinguish this group of diverse
technologies from WLANSs that typically have smaller ser-
vice areas on the order of 100 to 300 feet per base station.
Base stations in WL ANs are often referred to as access points.
An access point may be connected to the Internet, intranet, or

other network through wires or wirelessly through a WWAN.

Examples of WLANs include systems using technologies
such as Wi-F1 and other wireless protocols in accordance with
IEEE 802.11 standards. WLANSs typically provide higher

bandwidth services than WWANSs at the expense ol non-
ubiquitous coverage whereas WWANSs provide increased
coverage areas at the cost of bandwidth and/or capacity. In
order to provide a wireless user with the increased overall
performance and continuous connectivity, multimode mode
wireless communication devices have been developed allow-
ing the multimode wireless communication device to access
the particular type of network that provides the most desirable
tradeoils. A multimode wireless commumnication device
includes the appropriate components and functionality for
communicating within more than one network. For example,
a dual-mode wireless communication device can communi-
cate within a WWAN and a WLAN.

Unfortunately, conventional techniques for managing the
connection status between the multimode wireless commu-
nication device and the access point are limited 1n that they
require GPS location information or include inelfficient
searching mechanisms executed by the multimode wireless
communication device in order to establish service with a
new network for performing a handoff between networks. For
example, some conventional systems require the multimode
wireless communication device to periodically tune to an
alternate network channel 1n an attempt to detect an alternate
network resulting 1n significant power consumption with a
limited success rate of detecting alternate networks.
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2

Accordingly, there 1s a need for an apparatus, system, and
method for mitiating handoils of a multimode wireless com-

munication device from a WWAN to a WLAN.

SUMMARY

An access point transmits a beacon signal when a multi-

mode wireless communication device 1s within a maximum
proximity of the access point. A wireless wide area network
(WWAN) recerver 1n the access point momitors a WWAN
uplink channel used by the multimode wireless communica-
tion device to communicate with a WWAN base station. The
access point determines, or at least estimates, a proximity of
the multimode wireless communication device to the access
point based on a recetved WWAN uplink signal transmitted
by the multimode wireless communication device. If the
proximity 1s less than a proximity threshold, the access point
transmits the beacon signal. The beacon signal at least 1ndi-
cates the presence of the access point and, 1n some circum-
stances, includes instructions or mmformation to assist in a

handott tfrom the WWAN to the WL AN.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a communication network
arrangement 1n accordance with the exemplary embodiment
of the invention.

FIG. 2A 1s an illustration of an originating geographic area
encompassing a geographic service area.

FIG. 2B 1s an 1llustration of an originating geographic area
overlapping with a geographic service area.

FIG. 2C 1s an 1llustration of an originating geographic area
adjacent to a geographic service area.

FIG. 3 15 a block diagram of the access point connected to
the WWAN communication system in accordance with the
exemplary embodiment.

FIG. 4 1s a flow chart of a method of managing wireless
service to a multimode wireless communication device 1n
accordance with the exemplary embodiment.

FIG. 5 1s a tlow chart of a method of monitoring a WWAN
DL channel at a wireless access point where the WWAN
system operates in accordance with in accordance with the
IEEE 802.16 standard.

FIG. 6 15 a flow chart of an exemplary method of managing
wireless resources where the WWAN system operates in
accordance with the IEEE 802.16 standard.

FIG. 7 1s a block diagram of the communication network
arrangement where the multimode wireless communications
device receives a beacon signal from the access point on a
WWAN downlink channel.

FIG. 8 1s a flow chart of an exemplary method of managing,
a handoll using a beacon signal.

DETAILED DESCRIPTION

FIG. 1 1s a block diagram of a communication network
arrangement 100 1n accordance with the exemplary embodi-
ment of the invention. The access point 102 provides wireless
local area network (WLAN) service to one or more multi-
mode wireless communication devices 106 within a first geo-
graphic area and a base station 108 of a Wireless Wide Area
Network (WWAN) communication system 104 provides
WWAN service to one or more multimode wireless commu-
nication devices 106 within a second geographical area. As
described above, the term WWAN 1s used primarily to distin-
guish this group of diverse technologies from WLANs that
typically have smaller service areas on the order of 100 to 300
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feet per base station. Accordingly, the WWAN communica-
tion system 104 1s any system that provides wireless commu-
nication services within relatively large geographical areas as
compared to WLANs. Examples of WWAN systems 104
include cellular communication systems that provide cellular

communication services through at least one base station 108
connected to a WWAN i1nfrastructure 110 such as a cellular
system infrastructure (110). The WWAN 1nfrastructure 110
may include one or more core networks that are connected to
a global network such as Internet Protocol (IP) network or
public switched telephone network (PSTN). In the exemplary
embodiment, the WWAN communication system 104 oper-
ates using packet switching communication techniques. In
such systems, the communication inirastructure 1s a packet
switched core network and includes an access gateway for
interfacing to WLANSs using IP signaling. The WWAN com-
munication system 104, however, may operate 1n accordance
with circuit switched communications 1n some circum-
stances. The WWAN communication system 104 may oper-

ate using any ol numerous protocols and schemes. Examples
of some Code Division Multiple Access (CDMA) standards

include cdma2000 1X, 1xEV-DO, and W-CDMA. In some
circumstances, the WWAN communication system 104 may
operate with other standards such as OFDM based standards
or GSM standards, for example. In the embodiment discussed
below, the WWAN communication system 104 1s an OFDM
system that operates 1n accordance with IEEE 802.16(¢) stan-
dards often referred to as WiMax. The various functions and
operations of the blocks described with reference to the
WWAN communication system 104 may be implemented 1n
any number of devices, circuits, or elements. Two or more of
the functional blocks may be integrated 1n a single device and
the functions described as performed in any single device
may be implemented over several devices. For example, at
least portions of the functions of the WWAN 1nfrastructure
110 may be performed by the base station 108, a base station
controller, or the MSC 1n some circumstances.

The access point 102 includes a WLAN nterface 112 for
communicating with multimode wireless communication
device 106 and a WWAN mterface 114 for recerving a UL
WWAN signal 116 and transmitting a beacon signal 118. As
discussed below, the WWAN interface 114 also intercepts
down link (DL) WWAN signals transmitted by the base sta-
tion 108 1n the exemplary embodiment. The WWAN interface
114, theretfore, includes any combination of hardware, soft-
ware and/or firmware adequate to at least detect WWAN UL
signals and to transmit the beacon signal 118 to the multi-
mode wireless communications device 106 and the WLAN
interface 112 includes any combination of hardware, sofit-
ware and/or firmware adequate to at provide wireless WLAN
service to one or more WLAN devices.

The multimode wireless communication device 106 1s any
type of communication device that 1s capable of communi-
cating with at least one WLAN network 120 and at least one
WWAN system 104. The multimode wireless communica-
tion device 106, sometimes referred to as an access terminal,
may be a wireless modem, a personal digital assistant, dual
mode cellular telephone, or other such device.

The access point 102 {facilitates communication to a
WLAN 120 and the WWAN communication system 104
facilitates communication to a WWAN 122, where the mul-

timode wireless communication device 106 i1s capable of
communicating on both of the networks WLAN 120, WWAN

122. The multimode wireless communication device 106 can

access wireless services provided by either of the networks
WLAN 120, WWAN 122 when resources are available on the

particular network and signal quality 1s adequate. In the
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exemplary embodiment, the multimode wireless communi-
cation device 106 may access both networks 120, 122 simul-
taneously under certain conditions. In some circumstances,
however, the multimode wireless communication device 106
may be able only to access one of the networks WLAN 120,
WWAN 122 at any given time. In another scenarios, the
multimode wireless communication device 106 may be able
to access only control channels of the WWAN network 122
but have full access of WL AN network 120 or vice versa. The
clouds shown in FIG. 1 symbolize networks and do not nec-

essarily 1illustrate service coverage areas ol the networks
WLAN 120, WWAN 122. For example, as discussed with

reference to FIG. 2A, FIG. 2B and FIG. 2C below, the geo-
graphical service coverage area of the WWAN 122 may
include, or partially overlap, one or more WLAN 120 service
coverage areas provided by one or more access points 102.
Further, the service coverage area of the WWAN 122 may
have areas with poor quality service coverage or areas where
no WWAN 122 service 1s available. These areas, however,
may have good service coverage from a WLAN 120. Such a
scenario may occur where the WLAN service coverage 1s
within a building such as an office or home and the WWAN
service coverage 1s generally available in the area of the
building but lacking within the building due to walls and other
signal obstructions. In addition to other advantages, manag-
ing wireless services i accordance with the exemplary
embodiments maximizes the quality of the wireless services
provided to the multimode wireless communication devices
106 while minmimizing interference with and between net-
works.

Based on one or more characteristics of the UL WWAN
signal 116, the access point 102 determines the proximity of
the multimode wireless communication device 106 to the
access point 102. If the proximity 1s less than a proximity
threshold, the access point 102 transmits the beacon signal
118. The multimode wireless communication device 106
receives the beacon signal 118 and, depending on one or more
factors, may 1nitiate a handoil process from the WWAN 122
to the WLAN 120 where the process may include forwarding
information to the WWAN 122 based on the beacon signal
118. In the exemplary embodiment, the multimode wireless
communication device activates a WLAN recerver within the
wireless communication device 106 and attempts to detect
WLAN signals transmitted by the access point 102. By only
transmitting the beacon signal 118 when the presence of a
multimode wireless communication device 1s detected, inter-
terence due to the beacon signal 118 1s minimized and/or
collisions are avoided with other beacon signals transmitted
by other AP in the same region. Accordingly, the beacon
signal 118 1s illustrated in FI1G. 1 with a dashed line to indicate
that the beacon signal 118 1s not continuously transmitted.
Since the beacon signal 118 1s transmitted within the WWAN
frequency band, the multimode wireless communication
device 106 does not need to activate WLAN circuitry to
search for WLAN systems until the beacon signal 118 1s
detected. Accordingly, power consumption in the multi-mode
wireless communication device 106 1s minimized.

FIG. 2A, FIG. 2B and FIG. 2C are depictions of exemplary
geographical service area relationships 200, 206, 208 pro-
vided by the base station 108 and the access point 102. An
originating geographical service area 202 provided by the
base station 108 and a WLAN geographic service arca 204
provided by the access point 102 may have any of numerous
shapes, sizes, and configurations. Accordingly, the clouds
representing the service areas generally 1llustrate the relation-
ships between the service areas and do not necessarily depict
the actual shapes of the service areas. Further, the service
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arcas may contain holes of coverage where service 1s unavail-
able. In the interest of clarity and brevity, such features are not
illustrated in the figures. In FIG. 2A, the service area 204 of
the access point 1s completely within the service area 202
provided by the base station 108. In most situations, the
service area 204 of the access point 102 will be completely
within the service area 202 of the base station 108. In some
situations, however the service areca 204 may be partially
overlapping with the service area 202 as shown in FIG. 2B or
may be non-overlapping but adjacent to the service area 202
as shown 1n FIG. 2C.

FI1G. 3 1s a block diagram of the access point 102 connected
to the WWAN communication system 104 1n accordance with
the exemplary embodiment. The access point 102 includes
the WWAN interface 114 for communicating with the
WWAN system 104, recerving the UL WWAN signal 116 and
for transmitting the beacon signal 118. In the exemplary
embodiment, the WWAN interface 114 includes a network
interface 302, a WWAN recetrver 304 that includes a WWAN
uplink recetver (WWAN UL receiver) 306 and a WWAN
downlink recetver (WWAN DL receiver) 308 as well as
WWAN downlink transmitter (WWAN DL TX) 310. The
WLAN interface 112 provides WLAN service to one or more
WLAN communication devices such as the multimode wire-
less communication device 106. The access point 102 further
comprises a controller 312 coupled to the WWAN 1nterface
114 and the WLAN interface 112. The controller 312 per-
forms the control functions described herein as well as per-
forming other functions and facilitating the overall operation
of the access point 102. The controller 312 1s connected to, or
includes, a memory 314 that may include one or more random

access memory (RAM) and/or read only memory (ROM)
memory devices. The WLAN interface 112 includes a WLAN

receiver 316 for recerving uplink (UL) WLAN signals 318
and a WLAN transmitter 320 for transmitting WLAN down-
link signals 322. The signals 318, 322 are transmitted and
received 1n accordance with a WL AN protocol. Examples of
a suitable WLAN protocols include protocols 1n accordance
with the IEEE 802.11 protocol and wireless fidelity (WiF1). In
some circumstances, the access point 102 may also include a
wired LAN 1interface (not shown) for communicating with
devices connected to the access point 102 through wires.

As explained above, the WWAN i1nterface 114 includes a
WWAN receiver 304 that can be configured to at least to
receive uplink WWAN signals 116 transmitted from a multi-
mode wireless communication device 106. The WWAN inter-
face 114 1s also configured to send the beacon signal 118 to
the multimode wireless communication device 106 on a
WWAN downlink channel in the WWAN downlink fre-
quency band. In the exemplary embodiment, the WWAN

receiver 304 can be configured as the uplink WWAN receiver
306 for receving the uplink WWAN signals 116 and as the

downlink WWAN receiver 308 for recerving WWAN down-
link signals 324 from a base station 108. In some circum-
stances, two separate W WAN receivers may be used to imple-
ment the functions of the WWAN uplink and downlink
recervers 306, 308 while 1n other situations, the same receiver
may be tuned to different frequencies to perform the functions
of the two recervers (306, 308). Also, in some 1implementa-
tions, the capability to receive WWAN downlink signals 324
may be omitted.

The network interface 302 exchanges messages with an
access router 326 and an Internet protocol (IP) network 328.
The network interface 302 provides packet data communica-
tions and facilitates access to the Internet and to an access
gateway 330 1n the WWAN infrastructure 110 through the
access router 226. In some circumstances, at least portions of

10

15

20

25

30

35

40

45

50

55

60

65

6

the network intertace 302 may be implemented separately
from the WWAN interface 114. The access router 326 may be
connected to several access points 102 and provides commu-
nication management and control functions to the WLAN. In
some situations, the access router 326 may be implemented
within an access point 102 or may be eliminated. Also, 1n
some circumstances, the connection between the access gate-
way 330 and the access point 102 may include a wireless
communication link such as satellite communication link or
point-to-point microwave link, for example.

In addition to other information, the memory 314 stores
communication device identification values corresponding to
cach multimode wireless communication device 106 that 1s
authorized to use the access point 102. The multimode wire-
less communication device 106 identification value may
include an electronic serial number (ESN) or other unique
data. An example of a group of 1dentification values stored 1n
memory includes a collection of ESNs corresponding to the
multimode wireless communication devices 106 of the fam-
1ly members of a household where the access point 102 pro-
vides WLAN service. The identification values may be stored
at the access point 102 using any of numerous techniques. An
example of a suitable method of storing the values includes
storing the values during an mmitialization procedure per-
formed when the access point 102 1s installed. In some 1mple-
mentations, the identification values may be omitted or the
access point 102 may allow multimode wireless communica-
tion devices 106 that do not have corresponding 1dentification
values stored at the access point 102 to receive WLAN service
from the access point 102.

The access point 102 monitors the uplink WWAN channel
(s) that may contain an uplink WWAN signal 116 transmitted
from a multimode wireless communication device 106 that is

not currently receiving WLAN service from the access point
102. The uplink WWAN recerver 304 1s tuned, or otherwise

configured, to receive the uplink WWAN signals 116. Based
on one or more recerved WWAN UL signals 116, the control-
ler 312 determines the proximity of the multimode wireless
communication device 106 to the access pomnt 102. An
example of suitable technique for determining the proximity
includes evaluating a power level of the recetved UL WWAN
signal. In some circumstances, the detection of a UL WWAN
signal from the multimode wireless communication device
106 may be suilicient to determine that the multimode wire-
less communication device 106 1s within a proximity range.
In the exemplary embodiment, the proximity 1s used to deter-
mine whether the multimode wireless communication device
106 1s possibly within range of the access point 102 and
possibly able to recetve WLAN service. Therefore, the con-
troller 312 at least determines whether the communication
device 1s possibly within WLAN range of the access point
102. The controller 312 may determine whether to transmit
the beacon signal 118 based on factors other than power level
of the signal. For example, factors may include only the
power level of the WWAN UL signal or on a factor based
solely on the WWAN UL recerver’s 304 ability to decode the
incoming UL signal. The beacon signal 118 transmission may
result 1n an attempt by the multimode wireless communica-
tion device 106 to acquire wireless service from the access
point 102 1n the exemplary embodiment. The determination
to transmit the beacon signal 118, therefore, may be based on
other criteria 1n addition to the proximity. For example, the
decision to transmit the beacon signal 118 may be based on
access point capacity, available bandwidth, and/or current
bandwidth requirements of the multimode wireless commu-
nication device 106. Therefore, any of numerous criteria may
be used to determine 1 WLAN service should be acquired by
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the multimode wireless communication device 106 where the
criteria may include conditions related to the capacity of the
access point 102 and/or the requirements of the multimode
wireless communication device 106.

Any of several techmques may be used to determine the
proximity of the multimode wireless communication device
106 based on the WWAN UL signal. In the exemplary
embodiment discussed below in further detail, a downlink
WWAN signal transmitted from the base station 108 to the
multimode wireless communication device 106 1s intercepted
by the access point 102 and decoded to determine uplink
scheduling information. Based on the difference 1n received
power and transmitted power of the WWAN UL signal, the
access point 102 determines the distance. The access point
102 may also determine distance based on the difference
between the arrival time and transmission time of the WWAN
UL signal. In another example, the access point 102 may
determine that the multimode wireless communication
device 106 suificiently close to generate the beacon signal
118 11 the received power level 1s above a threshold without
information regarding the transmission power level. Another
example of a suitable technique of determining proximity
includes utilizing multiple antennas or smart antennas to
determine the proximity of the multimode wireless commu-
nication device 106 to the access poimnt 102 based on the
uplink WWAN signal transmitted by the communication
device 106. For example, beam-forming antennas may pro-
vide distance information to allow the controller to determine
whether the multimode wireless communication device 106
1s within the WLAN service area. Other techniques or com-
binations or techniques may be used. For example, in some
circumstances, a multimode device may transmit a geo-
graphic location of the multimode communication device
with respect to the WWAN BS using GPS/AFLT methods.
The access poimnt may intercept the transmission to the
WWAN base station and retrieve the GPS information which
1s used to determine the proximaity of the multimode wireless
communication device. In other circumstances, the GPS
information may be forwarded from the WWAN base station
to the access point at the request of the access point.

In the exemplary embodiment, the WWAN infrastructure
110 comprises a packet switched core network that includes
at least one access gateway 330. The access router 326 may be
connected to the access gateway 330 using any combination
of wired and wireless connections. Examples of suitable con-
nections mclude T1 lines, fiber optic cable, coaxial cable, and
point-to-point microwave. The access gateway 330 1s a com-
munication interface that allows the access point 102 to com-
municate with the WWAN infrastructure.

During operation, information regarding the power level 1s
determined by intercepting the WWAN DL signals 324 that
contain uplink scheduling information corresponding to each
multimode wireless communication device 106. In the exem-
plary embodiment, information 1s extracted from the UL
MAP transmitted 1n the WWAN DL signal. The controller
312 maintains a frequency and timing information for uplink
transmission for each multimode wireless communication
device 106 associated with each stored identification value.
Also, signal timing information extracted from the downlink
WWAN signal may be used to calculate a WWAN UL signal
propagation time of the WWAN UL signal and, therefore, the
proximity of the multimode wireless communication device
106. In the exemplary embodiment where the WWAN system
1s an OFDMA system, multimode wireless communication
device 106 transmission power level 1s the same for each
multimode wireless communication device 106 unless
adjusted by the OFDMA system. During system initialization
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of the access points, the default power level 1s stored 1n
memory 314. Any adjustments to the transmission power
level for a particular multimode wireless communication
device 106 are forwarded to the access point 102 and updated
in memory 314. In some circumstances, transmission power
level updates may not be available and the access point 102
uses the default values for proximity calculations. The access
point 102 determines the proximity or a proximity estimate
based on the measured propagation loss of the transmitted
uplink signal and propagation time. In some situations, a
combination of propagation time, propagation loss, and other
parameters may be used to determine the proximity.

After determining the proximity of the multimode wireless
communication device 106 to the access point 102, the con-
troller 312 determines whether the access point 102 should
provide WLAN service to multimode wireless communica-
tion device 106. If the controller 312 determines that the
access point 102 should provide WLAN service to the mul-
timode wireless communication device 106, the controller
312 generates a beacon signal 118 which 1s transmitted by the
WWAN DL transmitter 310 configured in accordance with
the WWAN commumication system 104 technology. For
example, if the WWAN technology 1s OFDM, the beacon
signal 118 modulates an OFDM tone (sub-carrier) on the
WWAN downlink with a conventional modulation scheme
such as for example, quadrature amplitude modulation
(QAM), quaternary phase shift keying QPSK or another simi-
lar scheme, at alow symbol rate maintaining data rates similar
to conventional single-carrier modulation schemes.

In the exemplary embodiment, the access point 102
autonomously determines that the beacon signal 118 should
be transmitted to allow the multimode wireless communica-
tion device 106 the ability to detect the access point 102. In
some circumstances, the analysis and determination to trans-
mit the beacon signal 118 may be at least partially performed
by a network entity such as a WLAN network controller or a
WWAN controller. For example, after detecting the presence
of a multimode wireless communication device 106, the
access point 102 may report the 1identity of the detected mul-
timode wireless communication device 106 to the WWAN
infrastructure 110. If the WWAN 1nfrastructure 110 deter-
mines that a handoff should not be performed, instructions are
transmitted to the access point 102 indicating that the beacon
signal 118 should not be transmaitted. In other situations, the
beacon signal 118 1s transmitted and the decision to perform
a handoil if performed by the network after the multimode
wireless communication device 106 detects the beacon signal
118. Further, 1n some situations, the multimode wireless com-
munication device reports only the signal-quality of the bea-
con. Also, the beacon signal may not target the multimode
device. For example, the beacon may only include generic
information not specific to the multimode wireless commu-
nication device such as WLAN identifier. After the beacon
signal 1s transmitted by the access point and detected by the
multimode wireless communication device 106, the multi-
mode wireless communication device 106 activates a WLAN
receiver to search for the access point 102. To detect the
beacon signal 118, the multimode wireless communication
device 106 appropriately demodulates and decodes the bea-
con signal 118. In response to receive the beacon signal 118,
the multimode wireless communication device 106 activates
and tunes a WLAN interface 112 to search fora WLAN signal
in accordance with known techmiques. In some situations, the
multimode wireless communication device 106 may report
the detection of the beacon signal 118 and/or the detection of
the WLAN network 120. In response the W WAN 1nfrastruc-

ture (core network) 110 sends an instruction to the multimode
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wireless communication device 106 indicating that the mul-
timode wireless communication device 106 should search for
the specific access point 102 that sent the beacon 118. In other
situations, the WWAN infrastructure (core network) 110 may
instruct the multimode wireless communication device 106 to
acquire WLAN service. Therelfore, the decision to perform
the handoilf may at least partially be performed by the WWAN
or WLAN 1n some situations.

In some circumstances, therefore, information may be sent
to the WWAN infrastructure 110 that notifies the WWAN 122
that WL AN service may be available to the multimode wire-
less communication device 106. This information includes at
least information 1dentifying the multimode wireless com-
munication device 106 that results 1in an 1interpretation by the
WWAN infrastructure 110 that WL AN service may be avail-
able to the multimode wireless communication device 106.
The information, however, may include additional data such
as, for example, information identifying the access point 102,
the calculated or estimated proximity of the multimode wire-
less communication device 106 to the access point 102, and
available capacity on the access point 102. Access point 102
identification information may include a SSID of the access
point 102. Further, information conveyed to the WWAN 122
may contain security protocol that assists the core network
110 1n 1dentifying the access point 102. The WWAN 1nira-
structure 110 may perform additional analysis to determine
what instructions, 1t any, will be sent to the multimode wire-
less communication device 106. In some situations, the
WWAN infrastructure (core network) 110 sends an instruc-
tion to the access point 102 indicating that the access point
102 should transmit the beacon signal 118.

FIG. 4 1s flow chart of a method of managing wireless
service to amultimode wireless communication device 106 1n
accordance with the exemplary embodiment. The method
may be performed by any combination of hardware, software
and/or firmware. The order of the steps discussed below may
be varied and one or more steps may be performed simulta-
neously 1n some circumstances. In the exemplary embodi-
ment, the method 1s performed, at least 1n part, by executing,
code on the controller 312 in the access point 102.

Atstep 402, the WWAN uplink (UL) channel 1s monitored.
In the exemplary embodiment, the W WAN UL receiver 306 1s
tuned to decode any WWAN UL signals 116 transmitted from
any of the multimode wireless communication devices 106 1n
the user list. The uplink scheduling information enables more
eificient UL monitoring. The access point 102 may detect
multimode wireless communication devices 106 that are not
in the user list but will not be able to decode the signals
without 1dentification mnformation in the exemplary embodi-
ment. In some circumstances, however, the WWAN UL

receiver 306 may be configured to monitor all UL channels.
At step 404, it 1s determined whether the WWAN UL

receiver 306 has recetved a WWAN UL signal 116. In the
exemplary embodiment, the controller 312 determines
whether a WWAN UL signal 116 has been received from a
multimode wireless communication device listed 1n the user
list. It a WWAN UL signal 116 has been received, the method
continues at step 406. Otherwise, the method returns to step
402 to continue monitoring the WWAN UL channels.

At step 406, the proximity of the communication device
106 to the access pomnt 102 1s calculated. The proximity
calculation may be based on any number of parameters or
characteristics of the received WWAN UL signal 116 as well
as other factors. Examples of suitable parameters include
parameters related to signal power level and a timing offset
between a transmission and reception times. Other related
factors may include transmission power level, location of one
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or more WWAN base stations 108 and information extracted
from WWAN UL signals 116 and WWAN DL signals 324

such as time stamps, power level indicators, and power con-

trol indicators. In some circumstances, the proximity 1s based
only on a detection of the WWAN UL signal 116. The par-
ticular factors and calculation techniques depend on the type

of WWAN communication system 104. An exemplary tech-
nique suitable for an OFDM based system IEEE 802.16(e) 1s
discussed with reference to FIG. 5 below.

At step 408, 1t 1s determined whether a beacon signal 118
should be transmitted. Although the determination may be
based solely on the proximity of the multimode wireless
communication device 106 to the access point 102, other
factors may be considered 1n some circumstances. For
example, the determination may be based on whether the
multimode wireless communication device 106 should
acquire WLAN service. Examples of other factors include the
capacity of the access point 102, the required bandwidth
required by the multimode wireless communication device
106, the current cost of the WWAN service and the estimated
motion of the multimode wireless communication device
106. If the controller 312 determines that WLAN service
should be acquired, the method continues at step 410, other-
wise, the method returns to step 402. In some circumstances,
this step may be omitted and the access point 102 may send
information regarding the detection of the multimode wire-
less communication device 106 to the WWAN 122 with other
information to allow the WWAN system 104 to make the
determination of whether a multimode wireless communica-
tion device 106 should acquire WLAN service from the
access point 102.

At step 410, a beacon signal 118 is sent to the multimode
wireless communication device 106 onthe WWAN down link
channel within the downlink frequency band.

FIG. 5 1s a tlow chart of a method of monitoring a WWAN
DL channel at an access point 102 where the WWAN system
104 operates 1 accordance with OFDM techmiques. The
exemplary method operates within an OFDMA system that
functions 1n accordance with IEEE 802.16(¢e) protocols. The
method described with reference to FIG. 5 1s an example of
suitable technique for acquiring information that allows the
access point 102 to monitor the uplink WWAN channels. As
discussed with reference to FIG. 5 and FIG. 6, the downlink
(DL) WWAN signal and WWAN DL channel are referred to
as downlink (DL) signals and downlink (DL) channels and
correspond to communications from an OFDMA base station

108, sometimes referred to as an access node (AN), to the
multimode wireless communication device 106. As discussed
with reference to FIG. 5 and FIG. 6, uplink (UL) WWAN
signals and WWAN UL channels are referred to as uplink
(UL) signals and uplink (UL) channels and correspond to

communications from the multimode wireless communica-
tion device 106 to the OFDMA base station 108. As 1s known,

IEEE 802.16(e) standards (WiMax) can operate 1n a time
division duplex (TDD) or frequency division duplex (FDD)
scheme. In the exemplary embodiment, the system operates
in TDD mode. Those skilled 1n the art will readily apply the
teachings herein to implement the system in FDD mode. In a
TDD mode, each frame 1s split into a downlink (DL) sub-
frame and an uplink (UL) sub-frame. The DL sub-frame
includes a preamble, control information and other broadcast
messages and packets. The control information mcludes DL
and UL MAPs. Fach multimode wireless communication
device 106 1s assigned a specific set of frequencies for receiv-
ing respective data packets. Each communication device 106
1s also assigned a set of frequencies for transmitting in the UL.
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At step 502, the controller 312 locates the start of a DL
frame. When the start of the frame 1s found, the method
continues at step 404. Otherwise, the step 402 1s repeated.

At step 504, the WWAN DL receiver 308 acquires and
synchronizes to the imncoming signal 324 using the DL sub-
frame preamble. The WWAN DL recerver 308, therefore,
performs the functions of a DL receiver in the exemplary
method.

At step 506, the Frame Control Header (FCH) 1s decoded to
determine the DL data burst length and coding scheme. In the
exemplary method, the FCH burst 1s followed by the pre-
amble. In networks operating in accordance with IEEE
802.16(e) standards, an uplink map (UL MAP) 1s a Medium
Access Control (MAC) message that defines burst start times
and frequencies on the UL channels for each multimode
wireless communication device 106.

At step 508, the UL MAP 1s decoded. Accordingly, the
received DL signals 324 provides information in the UL MAP
that allows the controller 312 to determine the timing of UL
signals 116 and carrier frequencies assigned to the multimode
wireless communication device 106. In addition, the UL
MAP 1ncludes user identification (ID) information corre-
sponding to multimode wireless communication devices 106
that are receiving the DL signals 324 from the base station
(access node) 108.

At step 510, 1t 1s determined whether one or more of the
multimode wireless communication devices 106 listed 1n a
user list 512 at the access point 102 are contained 1n the UL
MAP. The user list 512 includes 1dentification information
that uniquely 1dentifies multimode wireless communication
devices 106 that are supported by the access point 102. For
example, the IEEE 802.16(¢) standard uses manufacturer-
1ssued X.509 digital certificates to identify devices. The user
list 512 1s typically programmed at the time of installation of
the access point 102 and may be modified to add or remove
user IDs. The users may be members of a household that
reside where the access point 102 1s 1installed. If no user IDs in
the user list are contained in the UL MAP, the method returns
to step 502. Otherwise, the method continues at step 314. In
some circumstances, the UL MAP may not contain an explicit
identification number and may include indirect identification
information that can be used to determine the 1dentity of the
multimode wireless communication device 106.

At step 514, the control 1nii

ormation for all of 1dentified
users 1s extracted from the UL MAP or other control mes-
sages. The control information is the transmission UL control
information that includes a UL transmission power level and
a UL transmission time for the WWAN UL signals 116 trans-
mitted by the multimode wireless communication devices
106. The timing mnformation corresponding to the identified
multimode wireless communication device 106 1s extracted
from the decoded UL MAP and stored in memory 314.

FI1G. 6 1s a tlow chart of an exemplary method of managing
wireless resources where the WWAN system 104 operates in
accordance with OFDMA based system such as IEEE 802.16
(¢) The exemplary method 1s performed by the access point
102 and includes monitoring a W WAN UL channel and 1n1-
tiating an acquisition of WLAN service to the multimode
wireless communication device 106 based on a received
WWAN UL signal 116. Using the information determined
with the method discussed with reference to FIG. 4, the access
point 102 momtors the UL WWAN channel and sends a
WLAN acquisition message 11 certain criteria met.

At step 602, the WWAN recerver 304 1s tuned to the UL
sub-carrier frequency indicated by the UL map. The UL sub-
carrier frequency intercepted by the access point 102 1s used
to tune the WWAN UL recerver 306. In some situations, a
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single receiver may be tuned to both uplink and downlink
frequencies. In the exemplary embodiment, the recerver 304
can simultaneously receive UL and DL signals 116, 324.

At step 604, the characteristics of the recetved UL WWAN
signal 1s measured. In the exemplary embodiment, the con-
troller 312 determines the power level and the reception time
of the received UL signal 116. In some situations only the
reception time or the power level 1s determined. Using known
techniques, the power of the recetived UL WWAN signal 116
1s measured and stored in memory 314. The reception time 1s
determined relative to the system time and stored 1n memory
314. Other s1gnal characteristics may be determined 1n some
circumstances where the signal characteristics provide infor-
mation regarding the proximity of the multimode wireless
communication device 106 to the access point 102. In the
exemplary embodiment, the identification information 1is
used to identily the multimode wireless commumnication
device 106 only and not to decode the signals 1n order to
minimize cost. In some implementations, however, the 1den-
tification information may be used to decode the WWAN UL
signals 116.

At step 606, the controller 312 calculates the proximity of
the multimode wireless communication device 106 transmit-
ting the UL si1gnal 116 to the access point 102. Based on the
characteristics of the UL signal 116, the controller 204 deter-
mines the distance from the access point 102 to the multimode
wireless communication device 106. Using the transmission
time of the WWAN UL signal determined from the UL MAP
and reception time, the controller 204 calculates a propaga-
tion time of the UL s1gnal 116. The propagation attenuation of
the UL si1gnals 116 1s determined by calculation the difference
between the transmission power and the reception power.
Using either or both of the propagation parameters, the con-
troller 204 calculates the proximity of the multimode wireless
communication device 106 to the access point 102. For
example, the distance may be determined by multiplying the
propagation time by the speed of light. The distance may also
be calculated by comparing the propagation loss to a known
propagation loss per distance function for the antennas. The
distance values may be averaged or otherwise processed to
determine the proximity.

At step 608, 1t 1s determined whether the proximity of the
multimode wireless communication device 106 to the access
point 102 1s less than a threshold. The threshold may be based
on any of several factors and may be dynamic or static. In the
exemplary embodiment, the threshold i1s the maximum dis-
tance between the multimode wireless communication device
106 and the access point 102 where the access point 102 can
provide WLAN service to the multimode wireless communi-
cation device 106. If the proximity 1s less than the threshold,
the method continues at step 610. Otherwise, the method
continues to step 612 where the procedure includes returning
to step 402 of FIG. 4

At step 610, 1t 1s determined whether the multimode wire-
less communication device 106 should acquire WLAN ser-
vice. Although the determination may be based solely on the
proximity of the multimode wireless communication device
106 to the access point 102, other factors may be considered
in some circumstances. Examples of other factors include the
capacity of the access point 102, the required bandwidth
required by the multimode wireless communication device
106, the current cost of the WWAN service and the estimated
motion of the multimode wireless communication device
106. If the controller 204 determines that WLAN service
should be acquired, the transmitter 310 1n the access point 102
transmits the beacon signal 118 on the WWAN downlink to
the multimode wireless communication device 106.
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At step 612 the procedure includes returning to step 402 of
FIG. 4. In some circumstances the acquisition may resultin a
handoil from the WWAN communication system 104 to the
WLAN network 120. In other circumstances, service may be
maintained from the WWAN communication system 104 or
the multimode wireless commumication device 106 may
remain registered on the WWAN communication system 104
although no user data 1s transmitted over the WWAN com-
munication channels. Accordingly, step 610 provides an
exemplary technique of performing step 412 where the
WWAN communication system 104 operates in accordance
with IEEE 802.16(e) standards.

FIG. 7 1s a block diagram of a multimode wireless com-
munication device 106 within a communication network
arrangement 100 1n accordance with the exemplary embodi-
ment of the invention. The multimode wireless communica-
tion device 106 comprises functionality implemented with
any combination of hardware, software and firmware that 1s
capable of communicating with at least one WLAN network

120, such as access point 102, and at least one WWAN com-
munication network 120 104. The multimode wireless com-
munication device 106, sometimes referred to as an access
terminal, may be a wireless modem, a personal digital assis-
tant, dual mode cellular telephone, or other such device. A
suitable implementation of the multimode wireless commu-
nication device 106 includes a WL AN interface 702, and a
WWAN interface 704 connected to a processor 706 and
memory 708. The various functions and operations of the
blocks described with reference to the multimode wireless
communication device 106 may be implemented 1in any num-
ber of devices, circuits, or elements. Two or more of the
functional blocks may be integrated 1n a single device and the
functions described as performed 1n any single device may be
implemented over several devices. For example, at least por-
tions of the functions of the WLAN interface 702 and the
WWAN interface 704 may be performed by the processor 706
and/or memory 708. The processor 706 performs the control
functions described herein as well as performing other func-
tions and facilitating the overall operation of the multimode
wireless communications device 106. The processor 706 1s
connected to, or includes, the memory 708 that may include
one or more random access memory (RAM) and/or read only
memory (ROM) memory devices. The memory 708 may
include data, as for example, a device 1dentifier (ID) value,
criteria for determining quality of the received signals, signal
quality parameters and any other data. The WLAN interface
702 comprises a receiver 710 which 1s tuned to recerve wire-

less communication signals over the WLAN frequency band
air interface 322 from the WLAN access point 102, and the
WLAN transmitter 712 which transmits wireless communi-
cation signals over the WLAN 1frequency band air interface
318 to the WL AN access point 102. The WWAN interface
704 comprises a downlink (DL) recerver 714 tuned to receive
wireless communications signals in the WWAN downlink
frequency band air interface from the WWAN communica-
tions system 104 and detect the beacon signal over the OFDM
tone (sub-carrier) 118 from the WLAN access point 102. The
WWAN 1nterface 720 also includes the uplink (UL) transmiut-
ter 716 which sends uplink wireless communication signals
116 within the uplink frequency band.

During operation when the multimode wireless communi-
cation device 106 1s not communicating with an access point,
the DL receiver 714 monitors the WWAN downlink channel
for a beacon signal 118 transmitted within the WWAN {1re-
quency band. A received beacon signal 118 1s detected by the
downlink receiver 714 and 1s decoded in the recerver 714 to
extract the identifier (ID) which uniquely 1dentifies the mul-
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timode wireless communication device 106 as the intended
recipient of the beacon signal 118. The multimode wireless
communication device 106 identifier (ID) value may include
an electronic serial number (ESN) or other unique data. The
ID value 1s stored in the memory 708 or some other suitable
location, for the processor 706 to compare to the recerved ID.
If the ID values match, the processor 706 activates the WLAN
interface 702. In some circumstances, other criteria may be
evaluated to determine 11 the WLAN 1nterface should be
activated. Examples of other criteria include a signal strength
of the beacon signal 118, a SNR of the beacon signal, and
communication requirements of the multimode wireless
communication device. After detection of the beacon signal,
the multimode wireless communication device 106 manages
the WLAN connection. In accordance with known tech-
niques, the multimode wireless communication device 106,
establishes, maintains and disables communications between
the multimode wireless communication device 106 and the
WLAN. The WLAN connection may be simultaneously
established and maintained with other communication links,
such as communication links with the WWAN or may be
established and maintained after communications have been
disabled, lost, or otherwise made unavailable. Therefore, the

WLAN communications may include a MAKE_BEFOR-
E_BREAK connection that requires WLAN service to be
established before WWAN communication 1s disabled 1n
some circumstances. The WLAN connection may be man-
aged by any combination of devices, algorithms, programs,
equipment 1n the WWAN, WLAN and/multimode wireless
communication device. The multimode wireless communi-
cation device 106 resumes monitoring the downlink link con-
trol channel for detection of the beacon signal 118.

In some circumstances, the multimode wireless communi-

cation device 106 includes a GPS recerver (not shown) that
receives GPS data from GPS satellites. GPS information that
1s at least based on the GPS data 1s transmitted to the WWAN
base station. The GPS information can be used by the WWAN
and/or WLAN 1n managing the WLAN connection and or to
determine whether the beacon signal should be transmitted.
For example, 1f the geographical location indicated by the
GPS information transmitted by a particular device indicates
that the device 1s too far from the access point to receive
WLAN service, the access point does not transmit the beacon
signal. Also, 1f the GPS mformation transmitted by the device
alter the device detects the beacon signal indicates that the
device 1s too far from the access point to recerve WLAN
service, a handoil to the acquisition of WLAN 1s not
attempted. The GPS data may include GPS/AFLT data and
the GPS information may include any combination of GPS
data and/or geographical location information such the lati-
tudinal and longitudinal coordinates. The GPS information
may be 1ntercepted by the access point or may be forwarded
by the base station to the access point in some circumstances.

FIG. 8 1s a flowchart of an exemplary method managing,
communications performed in the multimode wireless com-
munication device 106. In the exemplary embodiment, code
executed on the processor 706 performs the calculations,
controls other devices and otherwise i1nvokes the steps
described below.

At step 802, the multimode wireless communication
device 106 monitors the WWAN 104 downlink control chan-
nel with the recerver 714 tuned to the beacon 118 OFDM tone.
The recewver 1s, at least periodically, tuned to approprate
frequency or frequencies where a beacon signal 108 may be
present. Any received signals are evaluated at step 804.

At step 804, 1t 1s determined whether a beacon signal 118
has been detected. If a beacon signal 118 has been detected,
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the method continues at step 806. Otherwise, the method
returns to step 802. Any of numerous techniques can be used
to determine 1f a beacon signal 118 has been detected.
Examples include detecting signal energy above a threshold,
receiving and demodulating the signal and evaluating an
energy or power level and/or determining a signal to noise
rat10. In the exemplary embodiment, the received signal 1s
demodulated and, 1f the signal 1s above an adequate threshold,
the signal 1s decoded at step 806.

At step 806, the signal 1s decoded to determine a device
identifier (ID). If the beacon signal 118 1s detected at step 804,
the multimode wireless communication device 106 further
determines 11 the beacon 118 1s intended for the multimode
wireless communication device 106 by decoding the signal
and extracting the device ID. In some circumstances if the
device ID 1s not available other identifying information can be
extracted from the beacon 118 signal to determine 11 the
multimode wireless communication device 106 can access
the access point 102 transmitting the beacon signal 118.

At step 808, 1t 1s determined whether the beacon signal 118
1s being transmitted from the access point 102 that can be used
tfor WLAN service by the multimode wireless communica-
tion device 106. The processor 706 compares the received
device ID to the stored device ID value in the memory 708. If
a match 1s found, the multimode wireless communication
device 106 1nitiates a handoil procedure to acquire WLAN
service from the access point 102. Otherwise the method
returns to step 802. In some circumstances, other criteria may
be evaluated to determine 1f WLAN communication should
be attempted. For example, characteristics of the beacon sig-
nal such SNR and/or signal strength may be compared to
thresholds to determine 1f the WLAN recetver should be
activated. Also, communication requirements may be evalu-
ated to determine 1f WLAN communication may be suitable.
Further, 1n some situations, the determination to activate the
WLAN receiver may be based on information recerved from
the WWAN 104. The determination may be based on combi-
nations of criteria and beacon signal 118 characteristics in
some situations.

At step 810, the multimode wireless communication
device 106 manages the WLAN connection. In accordance
with known techniques, the multimode wireless communica-
tion device 106, establishes, maintains and disables commu-
nications between the multimode wireless communication
device 106 and the WL AN. As described above, the WLAN
connection may be simultaneously established and main-
tained with other communication links, such as communica-
tion links with the WWAN or may be established and main-
tained after communications have been disabled, lost, or
otherwise made unavailable. Theretore, the WLAN commu-
nications may include a MAKE_BEFORE_BREAK connec-
tion that requires WLAN service to be established before
WWAN communication 1s disabled in some circumstances.
The WLAN connection may be managed by any combination
of devices, algorithms, programs, equipment 1n the WWAN,
WLAN and/multimode wireless communication device. The
procedure returns to step 802 to continue monitoring the
beacon channel.

In some circumstances, the multimode wireless communi-
cation device 106 manages the WLAN connection by trans-
mitting GPS information to the WWAN base station where
the based on GPS information 1s based on GPS data received
by a GPS receiver 1n the multimode wireless communication
device 106. The GPS information 1s used by WWAN and/or
WLAN networks to determine 1if WLAN service should be
acquired by the multimode wireless communication device
106. For example, the access point may recerve the WWAN
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message including the GPS information that 1s being trans-
mitted to the WWAN base station. The access point at least
partially determines the proximity of the multimode wireless
communication device based on the GPS information.

Clearly, other embodiments and modifications of this
invention will occur readily to those of ordinary skill in the art
in view of these teachings. The above description 1s 1llustra-
tive and not restrictive. This invention 1s to be limited only by
the following claims, which include all such embodiments
and modifications when viewed 1n conjunction with the above
specification and accompanying drawings. The scope of the
invention should, therefore, be determined not with reference
to the above description, but mstead should be determined
with reference to the appended claims along with their full
scope ol equivalents.

What 1s claimed 1s:

1. An access point comprising:

a wireless local area network (WLAN) interface config-
ured to exchange WL AN signals with a multimode wire-
less communication device;

a wireless wide area network (W WAN) receiver configured
to receive a WWAN uplink signal transmitted from the
multimode wireless communication device;

WWAN transmitter configured to transmit a beacon signal
to the multimode wireless communication device within
a WWAN frequency band when the WWAN uplink sig-
nal indicates that a distance between the multimode
wireless communication device and the access point 1s
less than a proximity threshold.

2. The access point of claim 1, wherein the WWAN {trans-
mitter 1s further configured to transmit the beacon signal on an
orthogonal frequency division multiplexing (OFDM) tone.

3. The access point of claim 1, wherein the WWAN {re-
quency band 1s a WWAN downlink frequency band used for
transmission of downlink commumnication signals from a
WWAN base station to the multimode wireless communica-
tion device.

4. The access point of claim 1, wherein a decision to hand-
off the multimode wireless communication device from the
WWAN to the WLAN 1s at least partially based on a signal
strength of the beacon signal when received at the multimode
wireless communication device.

5. The access poimnt of claim 1, further comprising a
WWAN interface to receive downlink communication
parameters from the WWAN.

6. The access point of claim 5 wherein the WWAN 1s
configured to recerve the downlink communication param-
eters through a wired connection.

7. The access point of claim 5 wherein the WWAN 1nter-
face 1s configured to receive the downlink communication
parameters through a wireless connection.

8. The access point of claim 7 wherein the WWAN 1nter-
face comprises the WWAN receiver and 1s configured to
receive the downlink communication parameters through a
downlink WWAN control channel.

9. The access point of claim 1, wherein the WWAN trans-
mitter 1s further configured to code the beacon signal in accor-
dance with an identifier (ID) of the multimode wireless com-
munication device.

10. The access point of claim 1, wherein the WWAN trans-
mitter 1s further configured to code the beacon signal in accor-
dance with a WLAN identifier (ID) of the access point.

11. A method performed at an access point configured to
communicate with a multimode wireless communication
device, the method comprising:
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receiving a wireless wide area network (W WAN) downlink
signal comprising uplink transmaission control informa-
tion;

receiving a WWAN uplink signal from the multimode
wireless communication device;

determining a proximity of the multimode wireless com-
munication device to the access point based on the
uplink transmaission control information and the WWAN
uplink signal;

transmitting a beacon signal within a WWAN frequency
band to the multimode wireless communication device
when the proximity 1s less than a threshold; and

exchanging wireless local area network (WLAN) signals
with the multimode wireless communication device.

12. The method of claim 11, wherein the determining the
proximity comprises calculating a power difference between
a WWAN uplink signal transmission power level included 1n
the UL transmission conftrol information and a received
power level of the WWAN uplink signal.

13. The method of claim 11, wherein the determining the
proximity comprises calculating a time difference between a
WWAN uplink signal transmission time included in the
uplink transmission control information and a recerved time
of the WWAN uplink signal.

14. The method of claim 11, wherein the determining the
proximity comprises evaluating GPS information, transmit-
ted by the multimode wireless communication device, indi-
cating a geographical location of the multimode wireless
communication device.

15. A system comprising:

an access point comprising:

a wireless local area network (WL AN) interface config-
ured to exchange WL AN signals with a multimode
wireless communication device;

a wireless wide area network (W WAN) recerver conlig-
ured to receive a WWAN uplink signal transmitted
from the multimode wireless communication device;

a WWAN transmitter configured to transmit a beacon
signal within a WWAN {frequency band when the
WWAN uplink signal indicates that a distance
between the multi mode wireless communication
device and the access point 1s less than a proximity
threshold; and

at least one multimode wireless communication device,
operative to recerve the beacon signal and to exchange
WLAN signals with the access point.

16. The system of claim 15, wherein the at least one mul-

timode wireless commumnication device comprises:

a wireless wide area network (W WAN) recerver to receive
wireless communication signals within the WWAN
downlink frequency band from a WWAN base station
and to recerve the beacon signal within the WWAN
downlink frequency band from the access point;

a WLAN receiver to receitve the WLAN signals from the
access point; and

a processor to activate, 1n response to a determination that
a characteristic of the beacons signal exceeds a thresh-
old, the WL AN receiver to receive the WLAN signals.
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17. The system of claim 15, wherein the at least one mul-
timode wireless communication device 1s operative to receive
the beacon signal on an orthogonal frequency division mul-
tiplexing (OFDM) tone.

18. The system of claim 16, wherein the at least one mul-
timode wireless communication device WWAN recetver 1s
configured to decode the beacon signal 1n accordance with an
identifier (ID) of the multimode communication device.

19. The system of claim 16, wherein the characteristic 1s a
signal to noise ratio (SNR) and the processor 1s configured to

activate the at least one multimode wireless communication
device WLAN receiver when the SNR 1s above an SNR

threshold.

20. The system of claim 16, wherein the characteristic 1s a
signal strength and the processor 1s configured to activate the
at least one multimode wireless communication device
WLAN recerver when the signal strength 1s above a signal
strength threshold.

21. The system of claim 15, wherein the at least one mul-
timode wireless communication device comprises:

a GPS receiver to receive GPS data; and

a WWAN transmitter to transmit GPS information based
on the GPS data to a WWAN base station.

22. A multimode wireless communication device compris-

ng:

a wireless wide area network (WWAN) receiver to receive
wireless communication signals within a WWAN down-
link frequency band from a WWAN base station and to
receive a beacon signal within the WWAN downlink
frequency band from an access point;

a WLAN recerver to receive WLAN signals from the
access point; and

a processor to activate, in response to a determination that
a characteristic of the beacons signal exceeds a thresh-
old, the WLAN recerver to receive the WLAN signals.

23. The multimode wireless communication device of
claiam 22, wherein the beacon signal 1s recerved on an
orthogonal frequency division multiplexing (OFDM) tone.

24. The multimode wireless communication device of
claiam 22, wherein the WWAN receiver 1s configured to
decode the beacon signal in accordance with an identifier (ID)
of the multimode communication device.

25. The multimode wireless communication device of
claim 22, wherein the characteristic 1s a signal to noise ratio
(SNR) and the processor 1s configured to activate the WLAN
receiver when the SNR 1s above a SNR threshold.

26. The multimode wireless communication device of
claim 22, wherein the characteristic 1s a signal strength and
the processor 1s configured to activate the WLAN receiver
when the signal strength 1s above a signal strength threshold.

27. The multimode wireless communication device of
claim 22, further comprising:

a GPS receiver to receive GPS data; and

a WWAN transmitter to transmit GPS information based
on the GPS data to the WWAN base station.
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